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Subcommittee on Energy Development and Applications 
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May 4, 1979 


Mr. Chairman and Members of the Committee, it is a pleasure to appear 
before you today, to discuss the topic of fuel-grade ethanol made from 


agricultural materials. 


The gasohol issue is relatively complex, and it has very important impli- 


cations for the farm sector and for food and agricultural policy. 


On March 20 of this year, I directed the staff of the Department of 
Agriculture to review carefully the situation with respect to gasohol, 
and in so doing to seek the best advice available both inside and outside 
of government on the crucial aspects of this matter. I asked that a 
positive perspective be taken in this review on the potential of gasohol 
to contribute to the solutions to our energy problem, and that the rela- 


tionships with food and agriculture be emphasized. 


The remainder of my statement is composed of this review. 
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PRODUCTION OF FUEL--GRADE ETHANOL 
FROM GRAIN 


I. Introduction 


Recent international events and their repercussions in the domestic 
fuel markets have increased interest in the utilization of agricultural 
commodities and wastes for production of fuel-grade ethanol. It has been 
demonstrated that a 90 percent gasoline/10 percent ethanol blend ("gaso- 
hol") can be burned in conventional automobiles without engine 
modification and, apparently, without significant performance degradation 
or engine deterioration. Since transportation accounts for over half of 
total domestic petroleum consumption, a successful alcohol fuels industry 
ostensibly offers the potential for substantially reducing U.S. crude oi] 
imports. Table 1 shows the gross crude oi] imports displaced by various 
levels of a domestic gasohol program. 1/ 


Table 1 
Gasohol as % Crude Oi] Crude Oil Savings 
of Total Savings Daily as % of 
Gasoline Average Daily 
Consumption Mil. BBL/Yr. ) Imports 
100% 238 8.2% 
90 214 15 
80 190 6.6 
70 167 58 
60 143 5.0 
50 119 4.2 
40 95 3.3 
30 Ad ZED 
20 48 hd, 
10 24 8 
5 12 4 


Source: Based on import data for Jan.-July 1978 published 
in Monthly Energy Review, U.S. Department of Energy. 
Total gasoline consumed is assumed to be 100 billion 
gallons annually to simplify calculations throughout 
this paper. Actual gasoline consumption in 1978 was 
approximately 110 billion gallons. 


1/_ Throughout this paper, "gasohol program level" refers to the ratio 
of gasohol to total domestic automobile fuel consumption (gasoline base 
stock only) expressed as a percentage. Thus, a 10 percent gasohol pro- 
gram level refers to a program in which 1 percent of total automobile 
fuel consumption would consist of ethanol, assuming a 90 percent gaso- 
line/10 percent ethanol blend. 
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Net crude oi] savings would be substantially smaller (and perhaps 
negative) at all program levels, depending upon the priority fuel use 
constraints built into a gasohol program, since it takes considerable 
petroleum to produce agricultural products, convert them to ethanol, 
and distribute the ethanol to consumers. 


The U.S. Department of Agriculture has taken a positive stance on 
the production of alcohol fuels from agricultural materials. Secretary 
Bob Bergland testified on July 26, 1978, before the Senate Committee on 
Agriculture, Nutrition and Forestry: 


"We in USDA are optimistic that production and 
residues from U.S. land can contribute [substantial 
amounts] of renewable energy, if the fuels from bio- 
mass program is managed effectively. However, we 
recognize that the economic feasibility and the energy 
efficiency of converting some agricultural and 
forestry products into fuels or petrochemical substi- 
tutes are questionable at the present time and are 
dependent upon site specific factors. Furthermore, 
we are not confident that we know exactly what 
practices will result in the largest payoffs in 
developing a fuels from biomass industry over the 
next few years." 


Accordingly, the Secretary emphasized the importance for the time being 
of research, development, and demonstration programs in the biomass 
energy area to resolve uncertainties and focus policy in directions 
consistent with the broader objectives of national agricultural policy. 


USDA has programmed approximately $3.9 million of Fiscal Year 1980 
funds for the development of alternative feedstocks and conversion tech- 
nologies for alcohol fuels production. An additional $2 million is 
programmed for development and design work on small-scale, on-farm energy 
generation, including distillation of fuel alcohol. The Department of 
Agriculture has made tentative commitments of $42.7 million of loan 
guarantees authorized by Section 1420 of the 1977 Food and Agriculture 
Act for four pilot projects to convert agricultural and forestry commo- 
dities into fuels and industrial hydrocarbons. These projects will 
encourage the commercialization of new technologies and feedstocks which 
can improve the economic viability and energy efficiency of ethanol derived 
from agricultural materials. For instance, one of these projects is de- 
signed to produce ethanol from the cellulosic materials of sugar cane 
using a new conversion technology. Another of the pilot projects would 
demonstrate the large-scale use of sweet sorghum as a feedstock for ethanol 
production. 


Department of Agriculture activities on alcohol fuels to this point 
have emphasized residues as feedstocks for fuel production, rather than 
food and feed commodities (e.g., grain) per se. The residue-as-feedstock 
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approach aims not only at reducing the cost and increasing the energy 
efficiency of fuel alcohol production; it also reduces the necessity for 
a direct trade-off between the use of basic agricultural commodities for 
human food (or animal feed), on the one hand, or for vehicular fuel, on 
the other. 


Perhaps the crucial policy question currently posed by the gasohol 
issue is whether (and under what conditions) it would constitute good 
public policy to provide incentives toward a large-scale grain-to-alcohol 
program, rather than to forego any such commitment for the time being and 
continue the development and demonstration work to produce liquid fuels 
from cellulosic (residue) materials, shale oi1, coal, or other alterna- 
tive sources. 


If a large-scale grain alcohol program were pursued at this time, 
the initial action decisions must involve the construction of additional 
fuel alcohol distilleries, not the production of grain feedstocks. 

Table 2 shows currently available distillation capacity. 


Table 2 


Estimated U.S. Ethanol Capacity, 1978 


Use Synthetic Fermentation Total 
(Million Annual Gallons) 


Industrial 210 50 260 
Beverage =-= 98 695) 
Total Production 210 148 358 
Idle Capacity 119 4} 183 
Available for Fuels) --- ae) es 
Total Capacity 329 212 541 


Source: Summarized by Arthur D. Little, Inc., based on U.S. Treasury 
Department and U.S. Department of Energy data. 


The synthetic ethanol capacity indicated in the table relies upon 
petrochemical feedstocks that are too expensive to permit their use to 
produce ethanol for gasohol except on a "distress" basis. The “idle 
capacity" figure under fermentation represents the capacity of old obso- 
lete distilleries for the most part, considered unlikely to return to 
production without substantial overhaul, or distilleries unable to produce 
fuel-grade (anhydrous) ethanol with present facilities. Thus, the available 
capacity suitable for producing fuel-grade ethanol is estimated at 23 million 
gallons, and indications are that most of this capacity has been drawn into 
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production in recent months under the inducement of Federal and State 

tax incentives. Since even a 5 percent national gasohol program would 
require 500 million gallons of fuel-grade ethanol, and since approximately 
2 years is required for plant construction, decisions on plant construc- 
tion clearly must precede decisions on actual production of crops to 
provide feedstock for any sizable gasohol program. 


It is crucial, however, that policy decisions on the construction of 
distilleries take into consideration all impacts, including agricultural 
impacts, of an alcohol fuels policy, because the construction of plants 
would tend to lock the Nation into the allocation of grain feedstock 
approximating total plant capacity. In that respect, whereas a substan- 
tial body of analysis has addressed many of the technical and economic 
issues involved with a gasohol program, nowhere is there a current 
interpretation of the situation which focuses upon crucial factors from 
the perspective of national food and agricultural policy. 


This paper focuses upon some key issues of an alcohol fuels policy, 
with particular emphasis upon the relationship with the fam sector and 
food and agricultural policy. Table 3 depicts some of the agricultural 
implications of specified gasohol program options. 


Two premises of table 3 should be made explicit: (1) that fuel 
ethanol programs of .5, 1.0, 1.5, and 2.0 billion gallons of annual 
ethanol production from grain include the full range of options that 
warrants serious consideration in terms of a current policy commitment; 
and (2) that such a range of alcohol fuel options should focus upon corn 
as the dominant feedstock. The basis for the first premise is developed 
subsequently in this paper. Regarding the second premise, corn is the 
agricultural commodity which is potentially available in sufficient supply 
to accommodate these optional program levels, can be readily converted 
to ethanol using existing fermentation technology, and (with the credit 
for byproduct distillers' dried grain) equals or exceeds other potentially 
available agricultural commodities in terms of economic feasibility for 
fuel ethanol production. 
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In addition, two basic assumptions underlie the analysis in this 
paper: (1) that the overriding objective of a U.S. alcohol fuels industry 
would be the energy-efficient production of priority liquid fuel to 
replace foreign sources, and therefore that any Government incentives for 
a fuel alcohol program should be structured to assure consistency with 
that goal; and (2) that national food and feed requirements (for domestic 
and export use) must not become a residual claimant upon the Nation's 
agricultural production system, and therefore that any Government 
supported, large-scale grain alcohol program should not subordinate food 
and feed requirements to the production of fuel from agricultural sources. 


Subsequent sections of this study examine the following questions: 
eWhat are the overall economic implications of gasohol 
policy options, particularly with respect to agricul- 
tural variables? 
eWhat are the implications of various gasohol policy 
options for the farm sector and for national food 
and agricultural policy? 


@How must a grain alcohol program be designed to assure 
a significant net contribution to priority fuel supplies? 


eWhat policy conclusions appear to be sensible? 


II. The Economics of Gasohol 


This section examines the economics of alcohol fuels made from 
grain, with particular emphasis upon agricultural feedstock and by- 
product variables. 


Specifically, the section discusses: 


@prospects for entry into the ethanol industry by 
fuel ethanol producers; 


ea base case assessment of the current economics 
of fuel ethanol; 


@the question of whether ethanol is a premium 
gasoline additive; and 


oa dynamic assessment of the economics of ethanol 


with variance in corn and distillers dried grain 
prices. 


Structure of the Ethanol Industry 


Structurally, the grain ethanol industry is highly competitive. 


In 


particular, new entry is unrestricted, except by competition with gaso- 


line, and easy compared with most other industries that manufacture 
products from primary raw materials: 


eThe essential technology is simple, well-established 
and freely available to anyone with sufficient capital 
to build a plant. 


eEconomies of scale exist but are not sufficient to bar 
entry at relatively modest capital cost by industrial 
standards ($35 to $40 million). 


eLabor requirements are modest and involve no skills 
that are in particularly tight supply. 


eEssential raw materials (corn) are available in highly 
elastic supply at current market prices. 


eMarkets for the principal product are well-defined and 
can be penetrated at several levels in the distribution 
chain. 
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eConsumers are well aware of the principal product and 
acceptance is high provided the price is perceived as 
competitive with alternatives. 


eMarkets for the major byproduct are also well defined 
and unrestricted. 


ePrices are constrained by the availability of an 
alternative: straight gasoline. 


Entry has not taken place so far on a significant scale primarily because 
the principal product, ethanol, could not be sold profitably in the gaso- 
line market at prices competitive with those of gasoline. 


There is, however, considerable gasohol being marketed at the present 
time, especially in Iowa and one or two other corn belt States. All of 
this fuel is being blended at the distributor or retailer level and 
utilizes ethanol produced by distilleries constructed initially to serve 
other end-use markets. Existing plants with excess capacity were given a 
powerful economic incentive to penetrate the gasoline market by passage of 
the 1978 National Energy Act, which contained a provision exempting gasohol 
from the 4 cents per gallon Federal Gasoline Tax. For a 90 percent gasoline/ 
10 percent ethanol blend, this exemption is equivalent to a 40 cents per 
gallon subsidy on the ethanol. 


As noted in the preceding section of this paper, the incentive provided 
by this Federal tax waiver, and State tax waivers,has drawn virtually all 
readily-available idle plant capacity into the production of fuel alcohol. 
However, the tax waivers do not appear to have encouraged the entry of 
Significant new distillery capacity as yet. 


Base Case Estimate of the Cost of Producing 


Ethanol from Corn 


For every study that has been published on the gasohol issue, there 
is a different estimate of how much it costs to produce ethanol from corn. 
This is inevitable since costs are influenced to some degree by local 
circumstances, specific project peculiarities, etc., and are in any case 
a "moving target" because of inflation. At the present time, however, 
there appears to be agreement within 10 cents or so per gallon so that any 
of several recent estimates developed by competent analysts can be used 
without danger of unduly prejudicing the analysis. The estimate used here 
was developed largely, though not entirely, by DPRA, Inc., a Kansas con- 
sulting firm, for the so-called Exon Report. This estimate is summarized 
in Table 4. 


29. 
Table 4 


Analysis of the Subsidy Requirements for a 40 
Million Gallon Per Year Distillery 


Feedstock costs ($2.50/Bu. corn) $ .96 
Direct costs (fuel, labor, etc.) 24 

Indirect costs (administrative, marketing, 
plant overhead) .09 
Capital recovery woe 
TOTAL $1.61 
Less octane credit al 
$1.46 
Less DDG credit ($110/ton)1/ -.36 
$1.10 

Less refinery gate price of non-lead 

gasoline er! 
3) oe 
Less Federal Gasoline Tax exclusion -.40 


ESTIMATED ADDITIONAL SUBSIDY REQUIREMENT A ag 
PER GALLON OF ETHANOL 


1/Assumes 6.5 pounds of DDG produced per gallon of ethanol. 


Note that Table 4 is developed for a 40 million gallon per year 
plant. Both smaller and larger plants are feasible. DPRA estimates 
that the capital cost for a 40 MGY plant using corn would amount to 
about $1.29 per gallon of annual capacity. This is in close agreement 
with estimates provided more recently by Midwest Solvents, Inc., to a 
research group at the University of Minnesota. Costs decline somewhat 
as plant size grows because of economies of scale, considering only 
capital charges and conversion costs. Assembly costs on feedstocks and 
delivery costs of product ethanol may rise for significantly larger dis- 
tillery capacity, however, and these factors may act as a constraint on 
the size of new plants penetrating the gasohol market. Representative 
capital costs for other sizes of plant are presented in Table 5. These 
are slightly higher per unit of annual capacity than are reported in the 
DPRA report. 
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Table 5 


Capital Costs for Ethanol Plants of 
Various Sizes 


Plant Corn Total Investment 
Capacity Feedstock Investment Cost 
(Million Gal. Required Cost Per Gallon 
Ethanol/Yr. ) (Million Bu./Yr.)1/ (Million 1978 $) Capacity 
4.2 156 $11.4 $2272 
8.4 St2 17.8 Fajen Nal 
1220 4.9 eoek Bais) 
16.8 o> 2720 1.64 
YA nd | 8.1 32.2 1253 
25eS O77]. 36.2 1.43 
29.5 ite3 40.0 1,36 
Sheil! 1320 43.6 TES 


Source: Economics of Gasohol (St. Paul: Unversity of Minnesota, 
Dec. 1978, p. 33). Data provided by Midwest Solvents, Inc., 
were in 1976 dollars. These have been converted to 1978 
dollars by means of the GNP deflator for Gross Private 
Domestic Investment, Structures and Producers Durable Goods. 
The figures are rounded. 


1/ Assumes an ethanol yield of 2.6 gallons per bushel of corn. 


The cost estimates summarized in Table 5 assume that corn feedstock 
is available at a delivered price of $2.50 per bushel. Direct and in- 
direct costs are based on standard engineering estimation procedures and 
are comparable with the estimates developed in other studies. The capital 
recovery estimate assumes a 10 percent interest rate, 15 percent after tax 
return on equity, and 70 percent leveraging. Higher leveraging results in 
a somewhat lower capital recovery estimate: for example, with 90 percent 
leveraging, DPRA estimates that conversion costs would be about 5 cents 
to 7 cents per gallon lower, assuming interest rates remain the same. It 
is unlikely, however, that a private firm could negotiate 90 percent 
leveraging in the absence of some form of Government loan guarantee. 


The DPRA study did not attempt to estimate the impact of gasohol on 
mileage or the value of ethanol over and above straight gasoline as an 
octane enhancer. One would expect gasohol to yield fewer miles-per-gallon 
(MPG) of fuel in automotive service than does ordinary straight gasoline 
because ethanol contains less energy than the gasoline it replaces in 
gasohol. An early road test designed for the State of Nebraska by 
Professor W.A. Scheller seemed to indicate, however, that gasohol yields 
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somewhat better gas mileage than gasoline alone. This study has been 
widely referenced in the gasohol literature and is the principal support 
for the judgment that gasohol improves mileage. It appears, however, 
that this study was flawed from the experimental design point of view and 
its results are no longer considered to be reliable. Among other things, 
the test vehicles used in the study were not standardized, nor were 
driving patterns, etc. Furthermore, there is evidence that one or two 

of the gasoline pumps used to dispense the gasohol for the study vehicles 
were inaccurately calibrated and delivered more gasohol than was recorded. 


Other small-scale tests have been run that indicate different results. 
For example, there is an ongoing study at the Unversity of North Dakota 
the preliminary results of which indicate that gasohol decreases MPG by 
about 3 percent in both winter and summer service. Similar results have 
been reported by various 01] companies and automobile manufacturing firms 
that have experimented with gasohol. All of these studies, however, have 
their limitations. In short, there is no analysis as yet that would 
permit a conclusive statement on the issue of mileage impacts. 


About the best that can be concluded at the present time, based on 
the information at hand, is that the range of possible impact on mileage 
is relatively narrow: probably plus or minus 3 percent. For purposes 
of this report, therefore, it will be assumed that gasohol does not differ 
Significantly from straight gasoline in respect to mileage. While probably 
incorrect, this assumption seems more likely to bias the overall analysis 
in favor of gasohol than against it. 


The issue of octane enhancement also has an important bearing on the 
economics of gasohol. A recent synthesis of research results on octane 
enhancement was executed by the Arthur D. Little, Inc., consulting firm. 
Although the results of this analysis have not yet been published by its 
sponsor, the main conclusions were made available and have been relied 
on heavily in the discussion to follow. These conclusions were corroborated 
by two other prominent consulting firms prior to their adoption for present 
purposes. 


Analysis of the octane issue is complicated by the fact that the 
amount of octane enhancement derived from adding ethanol to straight 
gasoline depends on the octane value of the base gasoline. Moreover, 
differences in the composition of the base gasoline also appear to have 
Significant implications for the enhancement to be derived from using 
ethanol as an additive. These facts have led EPA technicians to the 
conclusion that gasohol blending is likely to become a refinery function. 
This conclusion is reinforced by the fact that refineries are in the best 
position to adjust base stocks so as to achieve target Vapor Pressure In- 
dex (VPI) objectives notwithstanding the fact that ethanol has a higher 
vapor pressure than does straight gasoline. 
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Aside from the chemical composition of the base gasoline, the octane 
enhancement from ethanol is more significant when the ethanol is added to 
octane base stocks than it is when added to high octane stocks. Since 
the base stock octane level varies considerably around the country, this 
means that the octane enhancement value of ethanol would also vary depend- 
ing on regional circumstances. 


The ADL conclusion is that a 10-percent addition of ethanol to 
regular unleaded gasoline will increase octane by one to two numbers 
(R + M/2). This compares with Professor Scheller's estimate of three 
numbers. For present purposes, therefore, it will be assumed that the 
90 percent gasoline/10 percent ethanol blend yields a 1.5 octane number 
increase. 


Given a 1.5 octane number improvement, the question of what ethanol 
is worth as an octane enhancer then becomes one of what the public is 
willing to pay for the enhancement achieved. From the refinery's point 
of view, the value of ethanol in this context depends on how much it would 
cost to attain the same octane enhancement using crude oil distillates. 
In the long-run, it is unlikely that consumers will be willing to pay 
much more than the appropriate octane enhancement value of ethanol to 
the refinery. This is estimated at the present time at about 1 cent per 
octane number. Thus, a 90 percent gasoline/10 percent ethanol blend 
would be expected to command a 1-2 cent per gallon price differential 
over non-leaded gasoline depending on where one comes out on the issue 
of how much ethanol actually enhances the octane of a given gasoline. 
This is equivalent to a value of 10 cents to 20 cents per gallon of 
ethanol. 


For present purposes, therefore, it will be assumed that the value 
of ethanol as an octane enhancer is approximately 15 cents per gallon 
over the price of non-leaded gasoline. This figure is used for the base 
case cost estimates, in Table 4. 


The 36 cents per gallon byproduct credit for Distillers' Dried Grains 
(DDG) is based on recent delivered DDG prices in the Chicago/Minneapolis 
market. Prices are somewhat higher in the northeastern United States, 
where feedlot operators must pay more for other feedstuffs. Note, how- 
ever, that comparatively little DDG (less than 425,000 tons annually) is 
currently sold in the U.S. 


The refinery gate price for unleaded gasoline presented in Table 4 
represents the USDA Office of Energy's best estimate of the current 
tank wagon price. This price estimate is probably favorable to ethanol, 
in the sense that it is substantially above the current marginal 
refinery cost of producing gasoline from crude oi1 feedstocks. Note, 
also, that the data presented here do not contain an estimate of the 
added cost of transporting and storing gasohol relative to gasoline. 
TRW, Inc., in a research report funded by the Department of Energy, has 
estimated this cost increment at about 3 cents per gallon. 
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On the basis of the above assumptions, Table 4 yields a base case 
subsidy requirement of about 17 cents per gallon of ethanol over and 
above the current 40 cents per gallon subsidy represented by the Federal 
Gasoline Tax exemption. Table 6 presents estimates of the total subsidy 
costs of various levels of national gasohol programs, derived from the 
base case. 

Table 6 


Base Case Annual Subsidy Requirements at Different Program Levels 


Gasohol Program Billion Subsidy Requirement 

Level Gallons Federal 

(2-ot) 100°Bils Gale Ethanol Gas Tax Other Total 

(Billions) 

100% 10 $4.0 Sia $5.7 

90 9 O26 185 5 od 

80 8 Sail, le 4.6 

70 7 2.8 lez 4.0 

60 6 rap 170 S74 

50 5 230 AS is eu 

40 4 6 .68 23 

30 3 b.2 sane tay 

20 2 8 oe ei 

10 1 .4 . a 57 

5 5 ae .09 .29 


Sensitivity of Ethanol Production Costs 
to Variations in Price of Agricultural 
Feedstocks and Byproducts 


Corn Feedstock Price Variance 


Figure A on pagel4 illustrates a sobering fact about corn as an 
' industrial raw material. 


Since the corn feedstock price comprises the primary cost of pro- 
ducing ethanol (see Table 4), fluctuations in corn prices cause wide 
variations in the cost of ethanol per gallon. As indicated by Table 7, 
which reflects the recalculation of base case (Table 4) production costs 
for various corn prices, a 10 cents per bushel increase in the price of 
corn increases ethanol feedstock costs by about 3.8 cents per gallon. 


The impact of volatile corn prices on ethanol production costs is 
illustrated by the situation during 1972-1974. Between 1973 and 1974, 
the U.S. corn crop declined by nearly 1 billion bushels, notwithstanding 
a 5.3 percent increase in the total acreage planted to corn. In 19735 
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Figure A 
$ 2.00 Feedstock RELATIONSHIP BETWEEN CORN 
Cost Per PRICES AND ETHANOL FEEDSTOCK 
Gallon COSTS 
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$ .50 
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Corn Price 
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Table 7 


Effect of Various Corn Prices on the Estimated Subsidy 
Required to Cover Full Ethanol Production Costs 


Price of -Feedstock Total Ethanol Credits for DDG, Estimated Net 
Corn Cost Costs salncts Octane and Fed. Subsidy 
Per Bu. Per Gallon Capital Rec. TaxeExXciusion Requirement 

(Per Gallon) (Per Gallon) 
$1.00 Sroe $1.03 $.91 -41.0¢ 
P50 fate) ee? 91 -22.0¢ 
2.00 ial: 1.41 “ug | - 3.0¢ 
2.50 .96 1.60 91 16.0¢ 
3.00 spl 5 13/9 291 35.0¢ 
Sy) thef}a 1.98 91 54.0¢ 
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corn production remained almost static despite an 8 percent increase in 
acreage harvested. Heavy export demand in 1972 as well as in 1973-74, 
combined with the production shortfall in 1974 and the stationary output 

in 1973, resulted in the fall of corn stocks from 1,127 million bushels 

in 1971 to only 361 million at the end of September in 1974--or to slightly 
over 1 month's domestic requirements for livestock and the domestic food 
system. Under these circumstances, corn prices rose sharply: 


1971-72 + 49¢/bu. + 45.4% 
1972-73 + 98¢/bu. + 62.4% 
1973-74 + 47¢/bu. 418.4% 


Thus, a hypothetical fuel-grade ethanol producer already in production 
at the beginning of 1971 would have watched his feedstock costs escalate 
by fully 74.6 cents per gallon by the end of 1974. 


It is true, of course, that the hypothetical ethanol producer could 
have protected himself to some extent from the risk of fluctuating corn 
prices by long-term contracting and by hedging operations in the commodity 
exchanges. These are, however, essentially cushioning devices. They would 
not have shielded him entirely from a sharp increase in his feedstock costs. 
They would have been of no help at all to new producers attempting to enter 
the industry during that period. 


The point is that natural fluctuations in corn production levels 
can prove devastating to the cost and availability of ethanol feedstocks 
for any significant-scale gasohol program, unless large reserves of corn 
are maintained as a regular policy. Between 1963 and 1977, there were 
Significant shortfalls in the level of corn production during 5 crop 
years, with an average decline in production on those five occasions, 
compared to the previous year, of 506 million bushels--the equivalent of 
the feedstock requirements of a 13 percent national gasohol program. It 
would appear that any significant gasohol program would have to be linked 
with the maintenance of a grain reserve isolated from the market until 
corn availability and price fluctuations made release from the reserve 
desirable in order to stabilize the market and keep the ethanol distiller- 
ies in production. The alternatives are extremely unattractive: 


eDiversion of available corn supplies from the livestock 
and food system during periods of shortage via sharp 
price increases or artificial incentives of some kind. 


eCurtailment of corn exports (currently running in excess 
of 1.5 billion bushels per year). 


eCurtailment of ethanol production. 


The first option above could impact severely on the supply and price of 
meat to consumers. The second option would drastically disrupt markets, 
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joth domestic and international. The third option would impact on the 
availability of automobile fuel at the consumer level with severity 
proportional to the size of the national gasohol program. It should be 
remembered in this context that domestic petroleum refining capacity 
would, over time, adjust to the programmed substitution of ethanol for 
straight gasoline, with the result that it would be difficult in the 
short-run to increase gasoline production sufficiently to offset reductions 
in ethanol output. This would mean gasoline shortages again coupled with 
pressure on retail gasoline prices. Politically, therefore, it would be 
very difficult to resist pressures for cutting exports as a means of 
balancing the domestic corn account and keeping the distilleries in pro- 
duction. 


Distillers' Grain Price Variance 


The base case cost table (Table 4) also indicated that the economics 
of ethanol from corn depend heavily on the market ability and price of 
distillers' dried grain (DDG), the principal by-product of corn dis- 
tillation. The production of each gallon of ethanol results in the 
production of about 6.5 pounds of DDG. The 17 cents per gallon additional 
Subsidy requirement in the base case reflected DDG at $110 per ton. 

The following chart illustrates the degree that the subsidy varies from 
17 cents, given various DDG price levels. 


THE EFFECT OF VARYING DDG PRICE ON SUBSIDY 


Subsidy 
Requirement 


60¢ 


40¢ 


20¢ 
17¢ 


Price of DDG 





$60 $70 $80 $90 $100 $110 $120 $130 
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The average composition of DDG compared with corn and soybean meal 
is the following: 


Feeding Values for Corn, DDG and Soybean Meal 


Corn DDG Soybean Meal 
Dry Matter (%) 88.0 93.8 89.6 
Crude Protein (%) 8.9 27.0 44.0 
Crude Fat (%) 3.5 9.0 as: 
Crude Fibre (%) 2.9 1370 fede) 
Ruminant digestible 
Protein (%) 5.8 19.3 Seo 


Source: Feedstuffs, Vol. 47, No. 38, Sept. 19, 1975, pp. 33-38. 


Compared with soybean meal, currently by far the most important 
high-protein animal feed supplement, DDG has about half the ruminant 
digestable protein and twice the crude fibre content. In recent years, as 
might be expected, the ratio of the market prices of DDG and soybean meal 
has tended to equal the ratio of their ruminant digestable protein contents. 
Not much significance can be placed on DDG price information, however, since 
current total domestic production does not exceed 425,000 tons per year, 
most of which is marketed in close proximity to the distilleries from 
which it originates. 


The high fibre content of DDG limits its acceptability for the poultry 
and swine markets, which between them account for over half of total 
domestic high-protein feed supplement consumption. The fibre fills 
poultry stomachs and the birds stop eating before their nutritional and 
growth requirements have been satisfied. This cuts production. Swine 
are also unable to digest the fibre. Most DDG, therefore, goes into the 
dairy and beef finishing markets, where it competes with soybean meal and 
corn. Even in these markets, DDG is not a preferred feed because its 
relatively low protein content compared with soybean meal and its high 
fibre content slow down the process of weight gain in cattle. DDG also 
lacks certain vital amino acids, but these are easily added at modest 
cost. Trade sources indicate that, relative to soybean meal, use of 
DDG can slow the weight gain of feedlot animals by as much as 11 percent. 


Not much is known at the present time about how much DDG could be 
absorbed by the livestock sector and what the consequences would be for 
soybean and soybean meal production. Modest gasohol program levels, of 
course, would not lead to massive increases in the volume of DDG on the 
market and therefore would not induce significant competitive interaction 
between DDG and soybean meal. Gasohol programs in excess of 10 percent, 
however, would result in increasing the supply of DDG on the market by 
a factor of ten or more. Depending on how rapidly this was attempted, the 
result could be a heavy downward pressure on the entire price structure 
of high-protein feed supplements. 
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Table 8 indicates the tonnages of DDG associated with various levels 
of gasohol programming. 


Table 8 


DDG Production for Various Levels of Gasohol 
Programming 


Gasohol as % Distillers' Dried erat Output 
of Total Gasoline ae Por evotal 
Consumption eae oT Soybean Meal 
(= 100 Bil. Gal.) — Consumption 

100% Yee 3 203 

80 25.9 163 

60 19.4 122 

40 1330 81 

20 6.4 50 

15 4.8 39 

10 See 20 

5 lato 10 


The USDA Office of Energy has canvassed the various academic and trade 
experts on the livestock feed industry to solicit opinions regarding the 
ability of the marketing system to absorb varying quantities of additional 
DDG production. The results of these inquiries are, of course, not 
conclusive, but the prevailing judgment seems to be that DDG production 
levels above 6 million tons per year could not be absorbed in the 
domestic economy any time soon without inducing some shift out of soybean 
meal and a decline in the price of DDG to a level just above the price 
of corn per ton. With corn at $2.50 per bushel, the DDG by-product 
credit assumed in the base case (Table 4) would decline from 36 cents 
per gallon of ethanol to 29 cents. 


USDA has estimated the impact of various levels of DDG production on 
soybean and soybean meal output and prices. While these estimates are 
also severely constrained by the lack of significant past history with 
DDG, they indicate that the price impact on soybean meal starts to 
become significant (-13 percent) at the 20 percent level of national 
gasohol programming and that the soybean acreage impact becomes significant 
at the 20-30 percent level. 
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An important caveat to the above discussion is the possibility 
that DDG export markets may develop in the future sufficiently to clear 
the market at high levels of ethanol production without substantial do- 
mestic price effects for the whole range of high-protein feeds. Should 
this occur, a large-scale gasohol program could be absorbed without the 
above consequences for the soybean sector and for DDG prices, provided 
DDG does not simply displace soybean meal in the export market. At the 
present time, however, DDG exports are small relative to soybean meal, 
and there is reason to retain skepticism as to the likelihood of their 
rapid growth. Available export data indicate that the foreign market 
for protein supplements is largely for poultry feeding. Furthermore, 
high-protein soybean meal is the commodity now actually sold in export 
markets, and it is questionable whether DDG is competitive in this market. 


At least two summary comments emerge from this section: 


@ It does not appear that, given present technology, 
ethanol made from corn can compete successfully with 
straight gasoline without substantial public subsidies 
in some form. Crude oil prices will have to rise very 
significantly above present levels before this con- 
clusion will require review. 


@ The economics of gasohol from grain are especially 
sensitive to unpredictable though highly likely 
fluctuations in the prices of several key variables, 
including grain feedstocks, distillers' dried grain, 
and straight gasoline. 
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TEte IMPLICATIONS OF ALCOHOL FUELS POLICY 
OPTIONS FOR AGRICULTURE 


This section analyses the impacts of various alcohol fuels policy 
options on the farming sector and on national food and agricultural 
policy. 


The following questions are addressed: 


e Is sufficient land available to support specified options 
of alcohol fuel production? 


@ What is the relationship between the commodity reserve pro- 
gram and alcohol fuels policy options? 


e Would it be feasible partially to substitute a gasohol pro- 
gram for agricultural price support and stabilization 
policies, and to shift Federal outlays from the agricultural 
policies to the subsidization of a gasohol program? 


e What incidental relationships between a gasohol program and 
agricultural stabilization policies are significant? 


A gasohol-from-grain initiative can require substantial acreage of 
cropland to produce the feedstock necessary for fermentation: 


Ethanol Corn Acreage % 1978 Corn Acre- 
(billions of gals) Required 1/ age Harvested 
(mils.of acres) 
Ae 9 Phe 
0 3.8 5.4% 
ZO 726 10.8% 
oye t) 19.0 27.1% 
10.0 38.0 54.3% 


1/Assumes corn yield of 100 bushels per acre, and 2.6 gallons of ethanol 
per bushel of corn. 


An assessment of cropland utilization, farm productivity and future 
food requirements is fundamental to an understanding of the impact of 
gasohol policy options on agriculture. Table 9 summarizes farm produc- 
tivity changes in U. S. agriculture over the last seven decades. 


Source: 
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Table 9 
CHANGES IN FARM PRODUCTIVITY, 1910-1977 


Period “Productivity 
Change 
1910-14 2% . 
1915-19 - 6% fox 
1920-24 - 4% 
1925-29 2% F-3% 
1930-34 - 6% 
1935-39 4%, 
1940-44 12% F 25% 
1945-49 4% 
1950-54 7% 
1955-59 12% 34% 
1960-64 6% 
1965-69 3% 
1970-74 4% & 18% 
1975-77 3% 


Changes in Farm Production and Efficiency, 1977 (Washington: 
U. S. Department of Agriculture, ESCS, 1978.) 


Some factors underlying these productivity changes are: 


1910-34: A period of extensive agriculture; new food supply 
needs were satisfied primarily by bringing new land into produc- 
tion rather than by increasing the productivity of existing land. 
Per capita acreage required to feed the American people remained 
relatively constant (See figure B, page 22). 


1935-49: Era of technologically intensive agriculture is begun. 
Per capita acreage required to feed the American people declined 
by 8 percent. Chemicals (fertilizers and insecticides) usage 
tripled; mechanical power usage doubled. Land under irrigation 
doubled. Some significant crop hybrids (e.g., corn) appeared on 
the scene. 


1950-64: Productivity growth was almost entirely intensive. 
Acreage required to feed the American people dropped by 37% per 
capita and permitted a 48% expansion in acres harvested for ex- 
ports. Chemicals usage doubled; land under irrigation increased 
by 43%. Labor requirements declined by nearly a half. The full 
benefit of earlier hybrid crop introductions was realized. 


1965-77: Farm performance began to reflect diminishing returns 
to intensive agriculture. Productivity rose by only 18 percent, 
although chemicals usage doubled again and mechanical power 
usage increased by 23 percent. Fresh water availability con- 
straints slowed the move to irrigation. Farm acreage require- 
ments per capita declined by only 4 percent. 
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Figure B 


CROPLAND HARVESTED PER CAPITA 1915-77 AND CORN YIELDS 
PER POUND OF NITROGEN FERTILIZER APPLIED 1960-77 
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The analysis indicates that, since the 1930s, U.S. agriculture 
has moved through a period of markedly rising productivity of land, due 
to the application of an interrelated package of capital and energy 
intensive technologies and inputs, followed by the recent period of 
Slowed productivity as the intensive practices reached the stage of 
diminishing reutrns. 1/ Note, for example, the diminishing response of 
corn yields to nitrogen fertilizer applications during 1960-1977, and 
during the same period after over two decades of declining acreage 


requirements per capita. (Figure B). 


Production resulting from the massive shift to capital and energy 
intensive agriculture that took place after 1935 generated increases 
in agriculture production that outdistanced (except during World War II 
and other emergency situations) the domestic and export market demand for 
U.S. farm produce. The result was chronic overproduction by U.S. agri- 
culutre. The Federal policy response to chronic overproduction was long- 
term land retirement programs based upon contracts of up to 15 years 
duration to remove cropland from intensive cultivation, and the applica- 
tion of "permanent" soil conservation practices to that land. Under the 
Soil Bank Program initiated in 1956, the Cropland Adjustment Program of 
1965, and related programs, an average of 21.4 million acres per year 
were removed from production during 1956-1967 under multi-year contracts, 
in addition to single-year acreage set-aside programs. oy, 


Figure C (page24) depicts the acreage removed from cultivation on 
a multi-year basis, and the one-year diverted acreage. As indicated, no 
multi-year diversion remains in effect, and during none of the 4 years 
1974-1977 was there single-year diverted acreage. A total of 18.3 
million acres was set aside on a one-year basis in 1978, and a 
roughly comparable level of one-year set aside is anticipated in 1979. 


The data on cropland productivity and utilization trends indicate 
that the emerging situation in U.S. agriculture will be characterized by 
intermittant periods of relative scarcity and relative surplus of grain 
supplies, with movement between such periods of unpredictable duration 
and amplitude. Furthermore, the projection that global population will 
grow by 1.8 percent per year through the year 2,000, and that per capita 
consumption of meat protein will continue to grow on a worldwide basis, 
Suggest a trend toward tighter food supplies relative to demand unless 
Significant productivity breakthrough occurs. 


What does this imply with regard to agricultural resource (particu- 
larly cropland) availability to support a grain alcohol fuels policy — 
initiative? The prudent inference to be drawn is that, at most, commit- 
ment should be made to only a small increment of a national grain-based 


1/ It is especially significant to this overall analysis that fossil 

~ fuel energy inputs (petroleum fuel for heavy mechanical farm equip- 
ment, natural gas for nitrogen fertilizer and agricultural chemicals 
manufacture) underlie much of the increases in land productivity. 


2/ Some acreage remained diverted under 5, 10, or 15 year contracts 
7 through 1977; the last new multi-year contract was consumated in 
1967. 
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Figure C 
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Source: USDA, ASCS. 
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ethanol program. In view of the uncertainty, such an incremental commit- 
ment would retain the options of foregoing further commitment, or of 
withdrawing completely, to minimize unrecoverable costs. In this regard, 
it is important to reiterate that, once the capital investment is made to 
plant and equipment for any level of gasohol program, powerful forces will 
work toward assuring dependable grain feedstocks to operate those plants 
at near capacity. The Nation would thus tend to be locked into the 
allocation of grain for fuel production up to plant capacity once conver- 
sion plants are constructed and operational. 


Substitutability of Gasohol Initiative and 
Present Agricultural Policies. 


It has been suggested that the existing agricultural price support and 
stabilization programs might be at least partially replaceable by a 
gasohol program, and that Federal outlays associated with the former 
programs might be shifted to the latter. The apparent logic is that the 
agricultural and gasohol programs can serve the same function, and 
therefore are partially interchangable. For example, in 1978,Federal 
outlays for deficiency payments and one-year land diversion under the 
feed grain set-aside program (covering corn, grain sorghum and barley) 
were $228 million and 284 million, respectively, or a total of $512 
million. Since a gasohol program might have provided new market out- 
lets for grain production from otherwise diverted acreage, such a 
program might substitute for the land set-aside program and become the 
recipient of the government incentive payments previously devoted to the 
set-aside program. 


One element of agricultural stabilization policy that, apparently, no 
one has suggested can be replaced is the commodity reserve program. As 
described in the preceding section of this paper, volatile fluctuations 
in corn prices could destroy the viability of grain alcohol distilleries, 
Since the per-gallon production cost of ethanol increases 3.8 cents for 
each 10 cents rise in corn prices. Therefore, the grain reserve would 
continue to be needed to narrow the range of fluctuations in grain 

prices for human food and animal feed purposes, as well as to ensure an 
adequate supply of feedstock for fuel alcohol distilleries. 


Indeed, the 666 million bushel corn reserve stock objective would need 

to be increased to accomodate the additional fuel use dimension of the 
program. The volume of increase would depend upon the level of gasohol 
program, but in any case additional financial outlays for storage charges, 
storage facility construction, and other associated costs could be ex- 
pected. 


What about the substitutability of a gasohol initiative for land diversion 
programs? It might have been feasible to consider the substitution of 
grain alcohol production for the long-term land retirement program of the 
1950s and 1960s, the function of which was to offset a chronic over- 
production tendency in U.S. agriculture. An alcohol fuels industry might 
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then have provided market outlets for grain produced from the acreage 
removed from production under the long-term contracts. 3/ 


With respect to the present and emerging situation, it should be noted 
that during none of the 4 years 1974, 1975, 1976, and 1977 was there a 
Single-year set-aside program in effect. Therefore, no Federal outlays 
were available for potential shift during any of those years. Further, 
the present price support and stabilization programs in agriculture are 
designed to supplement the reserve program in offsetting unpredictable 
variations in supply relative to demand from year to year, not to com- 
pensate for chronic oversupply. 4/ As noted earlier, this seems the 
prudent projection for the emerging future situation, particularly 

Since the volatility of farm production levels is increased by inten- 
Sive agricultural practices. For example, heavy use of nitrogen ferti- 
lizer to increase corn yields has also increased the amplitude of 
fluctuations in corn yields due to weather variations, since positive yield 
response to nitrogen is dependent upon favorable weather conditions. 


3/ Even there, the 15-20 years of chronic overproduction associated with 
the rise of energy-intensive agriculture was perhaps of insufficient 
duration to warrant locking that acreage into fuel production and 
away from food and animal feed production. An alcohol distillery is 
generally amortized over a 30 year period, for example, and a shorter 
period of cost replacement would significantly increase the production 
cost of the ethanol. 


4/ It has been suggested that a distinction might be drawn between the 
deficiency set aside payments made in 1978 to producers who partici- 
pated in the set-aside program in order to guarantee a prescribed 
level of return on grain actually produced, on the one hand, and the 
payments made to producers for additional voluntary acreage diversion, 
On the other. The suggestion is that the additional voluntary diver- 
sion payments could be replaced by incentives for gasohol, even if the 
deficiency payments could not. However, no voluntary diversion pay- 
ments would have been required for feed grains in 1978 and 1979, 
except that, in order to accommmodate other policy objectives, the 
spread between the nonrecourse loan rate and the guaranteed payment 
level was narrowed to a degree that rendered participation in the 
set-aside program insufficient to achieve the required level of 
acreage diversion. Therefore, the voluntary diversion was added as 
a mid-year correction. The point is that no meaningful distinction 
can be drawn between the deficiency and voluntary diversion outlays; 
both are designed to serve one-year stabilization purposes rather 
than to offset chronic overproduction. 
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As Figure D depicts, corn yields per acre durin i 

> g the 1970s varied 
between 71.9 in 1974 and 101.2 (estimated) in 1978, variation of -8.7 
and *20.6 bushels per acre from the average (mean) of 80.6 bushels per 
acre. 


Figure D 
U.S. CORN CROP YIELDS, 1963-77 
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During the 1970s , an average of 65 million acres of corn land was 
harvested each year. Production varied from 1.2 billion bushels below 
average to 1.0 billion bushels above average. These variations, as 
related to the current corn stock reserve objective of 666 million 
bushels, are 180 percent below and 150 percent above the reserve objective. 
It is this extreme (an uncontrollable) variation from year to year. not 
chronic overproduction, to which present and emerging agricultural 
price support and stabilization programs are directed. 


The conclusion, then, is that agricultural price support and stabili- 
zation policy serves different functions than an alcohol fuels program 
would serve, and therefore no substitution and shifting of Federal 
outlays is feasible. Indeed, a commitment to any increment of a 
national gasohol policy, however large or small, must assume that the 
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U.S. agricultural production system will be able to reach supply- 
demand equilibrium at the higher level of production necessary to 
accommodate the gasohol initiative, on top of the inevitable weather- 
induced year-to-year fluctuations in production. Otherwise, the 
additional demand for grain imposed by the gasohol initiative would 
threaten to result in chronic scarcity of food supplies and, as a 
practical matter, would generate pressures for constraints on grain 
exports which would be counterproductive for the farm producer as 
well as other public interests. 


Incidental Relationships between 
Gasohol and Agricultural Policies. 


Although an alcohol fuels program could not substitute for agri- 
cultural stabilization policies, the existence of grain alcohol 
distilleries could provide an additional outlet for disposition of 
surplus commodities which occur in excess of reserve target levels and 
effective market demand. For example, there is in Commodity Credit 
Corporation inventories as of April 5, 1979, 133.7 million bushels of 
feed grains (corn, grain sorghum, oats and bartey) and 196,890 tons of raw 
sugar, which would be convertible into 378.7 million gallons of 
anhydrous alcohol. While it would not be sensible to construct alcohol 
distilleries to handle such surpluses because the amount of available 
surplus commodity (if any) is unpredictable except on a very short-term 
basis, the incidental impact on agricultural policy of having iu 
alcohol fuels outlet for such surpluses might be beneficial. 2 


The existence of an alcohol fuels industry would also enable acreage 
diverted from the production of basic farm commodities (e.g., cotton, 
wheat, corn, grain sorghum) under the one-year set aside to be devoted 
to the production of crops for fuel alcohol, as authorized by the 
Emergency Agricultural Act of 1978. Again, this should be recognized 
as an ad hoc, incidental relationship that could occur between the 
set-aside program and an alcohol fuels industry. Because the amount 
of available set aside land (if any) is unpredictable except on a very 
short-term basis, it would not be practicable to construct alcohol 
distilleries with reliance for feedstocks upon production from set-aside 
acreage. 





5/ Similarly, the incidental impact of having an alcohol fuels outlet 
for inferior grade grains and other commodities might be beneficial, 
although alcohol distilleries could not be built based upon such 
feedstocks of unreliable availability. 


= 208 


The emergency Agricultural Act of 1978, apparently in order to 
enhance equity and practicality of administration, disallowed the use 
of set-aside acreage to grow any commodity for fuel usage if a set- 
aside program is currently in effect for that commodity. The statute 
thus in effect prohibited production of corn or grain sorghum for 
ethanol production on set-aside acreage in 1978 and 1979, since a feed 
grain set-aside program was effective during both years. Of course a 
decision could be made, for any upcoming crop year, to forego or 
reduce otherwise required set-aside acreage to meet projected effective 
demand for grain generated by alcohol distilleries. Again, however, 
this presupposes the existence of an alcohol fuels industry in a year 
when set-aside acreage would be otherwise warranted, and affords no 
sensible basis for the construction of fuel alcohol distilleries. 


In sum, an alcohol fuels industry and agricultural policies would be 
mutually supportive of one another only in various incidentally (or 
accidental) ways. These interrelationships could be expected to result 
in additional costs (for increased reserve stocks) as well as benefits 
(in the form of additional outlets for short-term commodity surpluses), 
and the net cost/benefit impact would be difficult to determine. 

Because these related aspects are largely incidental, and their net 
impact in terms of costs and benefits is indeterminant, they cannot 
be prudently taken to justify, or militate against, the encouragement 
of an alcohol fuels industry per se. 


Several summary comments emerge from this section: 


e Due to extreme uncertainty regarding cropland availability on a 
dependable basis for fuel alcohol production, any commitment. to 
a grain-based ethanol program should be restricted to a small 
increment of a national gasohol program, in order to retain 
the options of foregoing further commitment, or of withdrawing 
completely, to minimize unrecoverable costs. 


e The use of corn as a feedstock for fuel ethanol production would 
require additional investment in storage facilities and inven- 
tories to ensure a dependable, continuous supply to distillers 
and to avoid the diversion of grain from food and feed needs. 


@ The agricultural price support and stabilization policy serves 
different functions than an alcohol fuels program would serve, 
and therefore no substitution and shifting of Federal outlays 
is sensible. 


e Some significant incidental relationships between agricultural 
programs and an alcohol fuels program might be expected to 
develop (involving disposition of surplus grain stocks, planting 
on set-aside acreage for fuel production, etc.), but such 
incidental interactions cannot sensibly be taken to justify, or 
militate against, the logic of an alcohol fuels program per se. 


230: 


IV. THE ENERGY EFFICIENCY OF GRAIN 
ETHANOL PRODUCTION 


One of the two basic assumptions of this paper is that the overriding 
objective of a U.S. alcohol fuels industry must be the energy-efficient 
production of priority liquid fuel to replace foreign sources, and there- 
fore that Government incentives to support a fuel alcohol program should 
be structured to assure consistency with that goal. As a practical matter, 
this means that the program should be required to yield more priority 
liquid fuel than the priority fuel which it consumes in the production, 
assembly, and conversion of the feedstock to ethanol. "Priority fuel" in 
this context includes all fuels derived directly from crude oil and natural 
gas. 


Clearly, it would not be advisable to implement a large-scale govern- 
ment supported program for the conversion of agricultural products to 
ethanol unless it can be shown that the program results in a significant 
net gain in priority fuel supply. The difficulty is in defining the 
concept of "net energy balance" in a way that can be sensibly applied to 
proposed alcohol fuels policy options. 


Table 9 indicates three ways to derive net energy balance estimates in 
regard to fuel alcohol production. 


Table 9 


Net Petroleum Balance of a 1 Billion 
Gallon Ethanol Program 


Net Reduction in Petroleum 


Distillation Technology Imports (million bbls.) 


Case 1 - Present Negative 

Case 2 - Renewables/energy Minimal, or 
efficiencies maximized questionable 

Case 3 - Coal 850 1/ 


1/ Assumes that DDG replaces soybean meal, and the energy required to 
produce and process the meal is credited in the energy balance. 





Case 1 reflects the 011 and gas use levels commonly required in pre- 
sent-day alcohol distilleries. To pursue this approach would actually 
increase petroleum imports. Of course, the existing distillery industry 
was not constructed with a gasohol market in mind or with explicit attention 
to minimizing priority fuel consumption. Most of the existing industry, in 
fact, consists either of plants utilizing a priority fuel derivative as 
feedstock (ethylene) or small plants using oi1 or gas which serve regional 
beverage markets. Many plants are old, and do not embody the state-of-the- 
art in conversion technology. 
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Case 2 reflects an approach designed to improve the priority fuel 
energy balance by emphasizing the use of renewable (non-fossil) sources 
of energy for production and distillation and by maximizing the energy 
efficiency of the distillation technology. 


Section 1420 of the 1977 Food and Agriculture Act, for example, 
provided that no conversion plant project could be considered for a 
Government loan guarantee unless it was demonstrated that the project 
would produce an amount of energy in excess of the fossil fuel used in 
the production and conversion process. 


Given that requirement many of the proposals received by USDA consisted 
essentially of conventional distilleries with proposed utilization of 
forestry and agricultural residues (e.g., corn stover) or solar and wind 
power systems designed to reduce fossil fuel usage and thus to satisfy the 
energy balance requirement. However, few if any of these systems currently 
pass the test of commercial economic feasibility. For example, use of corn 
stover and similar crop residues to provide the process energy requirements 
of large scale distilleries appears attractive on the surface, but appro- 
priate technology does not yet exist to permit the economic gathering, 
compacting, transportation, and storage of such materials. Furthermore, 
it is questionable whether, from a practical standpoint, it makes sense to 
provide Government support for an alcohol distillery which shows, on paper 
at least, a minimally-positive fossil fuel energy balance based upon the 
above types of systems--a positive balance which may dissipate during 
implementation of the project. 


Another dimension of this approach is to place emphasis upon maximizing 
energy savings that can be achieved with heat exchangers and other available 
technology. The positive results that can be achieved remain highly 
problematic at this time, however, particularly if the increased capital 
costs (and thus ethanol production costs) are simultaneously considered 
and weighed. 


Case 3 is based upon a direct linkage with national coal conversion 
policy, in the sense that any additional Government incentives for a fuel 
ethanol industry (such as assistance for distillery construction) would 
require that coal must be used for raising steam and providing other 
in-plant energy requirements. As indicated by Table 9, this approach 
would yield a strongly positive net priority fuel energy balance, while 
allowing the use of petroleum-based fuels and natural gas (as feedstock for 
nitrogen fertilizer) in producing grain feedstocks since alternatives to 
such uses are generally infeasible. The use of coal for in-plant energy 
need not increase long-term ethanol manufacturing costs substantially, 
provided that distilleries are located so as to hold down plant emissions 
problems and coal transport costs. 


This third approach seems clearly preferable under present conditions. 
If an industrial-scale, government-supported program for the conversion of 
agricultural products to ethanol were to be authorized at this time, it 
would seem highly advisable to include an unambiguous statutory requirement 
that coal be used in lieu of any priority fuel for in-plant energy. A decision 


aepic 


to constrain eligibility for government incentives to projects using 

coal would also necessitate explicit concilliation of gasohol policy 
with other major elements of national coal conversion policy and national 
energy policy. 


If legislation was passed providing substantial governmental support 
for a nation-wide gasohol program without a requirement to use coal rather 
than priority fuels, the private sector will tend to build distilleries 
relying on petroleum or natural gas for process energy requirements. The 
capital requirements for alternative fuel systems (including coal) are 
higher than those based on oi] and gas. Given present interest rates 
and capital stringency, most firms (especially new entrants) would probably 
prefer to pay somewhat higher current energy bills rather than to raise 
apart start-up capital and to pay substantially higher debt service 
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